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Abstract 

Based on the concept of curved spacetime in Einsteinian General Relativity, the field theories 
and their quantum theories in the curved octonion spaces etc are discussed. The research 
results discover the close relationships of the curved spacetimes with the field theories and 
quantum theories. In the field theories of curved spacetimes, the curvatures have direct effect 
on field strength and field source etc. While the curvatures have direct impact on wave 
functions and quantum equations etc in the quantum theories of curved spacetimes. The 
research results discover that some abnormal phenomena of field source particles could be 
explained by the field theories or quantum theories in the curved spacetimes. 
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1. Introduction 

The viewpoint of curved spacetime should be expanded from the curved Four- spacetime to 
the curved quaternion spacetime etc. The paper describes the field theories and their quantum 
theories in the curved quaternion, octonion, sedenion and trigintaduonion spacetimes, and 
then draws some conclusions which are consistent with the Einsteinian General Relativity 
theory, Maxwellian electromagnetic field theory and the Newtonian gravitational field theory 
etc. A few prediction associated with movement feature of different kinds of matter can be 
deduced, and some new and unknown experiment phenomena can be expected. 

2. Electromagnetic field in curved quaternion space 

The electromagnetic field theory can be described with the straight quaternion space. In the 
paper, the spacetime should be expanded from the straight spacetime to the curved spacetime. 
The curved spacetime, which is associated with the electromagnetic interaction and possesses 
the physics content, is adopted by the curved quaternion space. 
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Table 1 . The quaternion multiplication table 
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In the local curved quaternion space (E space, for short) of electromagnetic interaction, the 
base X e = (1, i , j , k ), and the displacement H e = (r°,i l ,r 2 ,r 3 ). Where, r° = ct, c is the 
speed of light beam, and t denotes the time. 

In curved quaternion space, the differential operator should be expanded from 8i to V i . 



v i A k = a i A k + sr ji k A J 



(i) 



wherein, Tjj k is a coefficient; A k is a physical quantity; 5 t = 8 18 r 1 ; i , j , k = 0, 1, 2, 3 . 

The differential operator O e and its conjugate operator O e in the curved quaternion 
space are defined as 

Oe = Vo+rv 1+ 7v 2 +£v 3 , 0* e = Vo-rvi-Jv 2 -£v 3 (2) 

The electromagnetic field potential JAe (a , a 1 , a 2 , a 3 ) is defined as 

A= OVX = (a ,a\a 2 ,a 3 ) (3) 
where, X e is the physical quantity in E space. 

2.1 Field strength 

The electromagnetic field strength S e (B , B 1 , B 2 , B 3 ) is defined as 

= b° + (IW +] b Q 2 +k b 3 ) + (Ib 3 2 + j b x 3 +k b 2 ') 

= (V o a - V i a 1 - V 2 a 2 - V 3 a 3 ) 

+ a° + V a 1 ) + 7(V 2 a° + V a 2 ) (V 3 a + V a 3 )} 

+ {f(V 2 a 3 - V 3 a 2 ) + 7(V 3 a' - V, a 3 )+^(V, a 2 - V 2 a')} 

= (d o a - 8 i a 1 - d 2 a 2 - 8 3 a 3 ) 

+ { a + 5oa 1 ) + 7(32a + eoa 2 )+^(5 3 a + e a 3 )} 
+ {r(5 2 a 3 -5 3 a 2 ) + 7(5 3 a 1 -5 1 a 3 )+^(5 1 a 2 -5 2 a 1 )} 

+ x(r J o°-r J1 1 -r j2 2 ^-r j3 3 ) a J 

+ S{ f (Tj! + T j0 ') + 7 (T j2 ° + T j0 2 ) +k (T j3 ° + T j0 3 )} a j 

+ s{ i (r j2 3 - r j3 2 ) + 7 (r j3 1 - r j, 3 ) +k (Tji 2 - r j2 ')} a J (4) 

where, the sum of the first and fourth items in the right of equal mark is the gauge definition 
b° ; the sum of the second and fifth items is the electric field intensity ( b ' , b 2 , b 3 ); the sum 
of the third and sixth items is the flux density ( b 3 2 , b^ , b 2 : ). Taking b° = 0, then the gauge 
condition of field potential can be achieved in the curved quaternion space. 

2.2 Field source 



The electromagnetic field source S e (s , s 1 , s 2 , s 3 ) is defined as 



2 



LlS e = 0*e° S e 

= (OV Oe)°A_ 

= O e 2 (a° + / a 1 +j a 2 +k a 3 ) (5) 
where, Oe 2 = Oe° O e ■ M. is a coefficient. Some identities equations of the field strength 
can be obtained from the above equation. Taking S e = (s° + z s 1 + j s 2 +k s 3 ), then equations 
set of field potential in the electromagnetic field can be attained 

O e 2 (a + Ta' +7a 2 +A:a 3 ) = Li(s° + rs 1 +js 2 +A: s 3 ) (6) 
The operator e 2 in the curved quaternion space can be written as 

= (V -?Vi-7 V 2 -A;V3)°(Vo+rv 1 + ; V 2 + fcV 3 ) 
= (V V + V 1 V 1 + V 2 V 2 + V 3 V 3 ) 

+ {^(VoV,- V 1 V ) + 7(VoV 2 -V 2 Vo)+^(VoV 3 - V 3 V )} 
+ {i (V 3 V 2 - V 2 V 3 ) + j (V 1 V 3 -V 3 V 1 )+^ (V 2 Vi- V,V 2 )} 
In the above equation, 

(V m V k -V k V m )a i = XR kmp i a p (7) 

Rkmp = <3 m r P k -3kT pm +sr qm r pk -sr q k r pm (8) 

where, R knip ' is the curvature of curved quaternion space; m,n,p,q = 0, 1,2, 3. 
Then the definition of field source in the curved quaternion space can be rewritten as 

= (<>*e ° O e ) ° -A = u5 eX + ltS e R 

= {?(V Q V 1 -V 1 V Q ) + 7^(V V 2 -V 2 Vo)+^(VoV 3 -V 3 Vo) 
+ 1 (V 3 V 2 - V 2 V 3 ) + 7(V 1 V 3 -V 3 V 1 )+^(V 2 V 1 -V_ 1 V 2 ) 
+ (V Vo + ViV 1 + V 2 V 2 + V 3 V 3 )} ° (a° + Ia l +]a 2 +k a 3 ) (9) 

wherein, 

LiS e x = (V Vo + ViVi + V 2 V 2 + V 3 V 3 )° (a° + r a ^+7a 2 +^a 3 ) 
n5 eR ={r(V V 1 -V 1 Vo) + 7(VoV 2 -V 2 Vo)+^(V V 3 -V 3 Vo) 

+i (v 3 v^ 2 -v 2 v 3 )+_7(v 1 v 3 -v 3 v 1 )+^ (v 2 v,- v l v 2 )} 

°(a° + fa 1 +7a 2 +A:a 3 ) 

If ix5 e R = 0, the spacetime of the electromagnetic field is the straight quaternion space, and 
ixS e = ixSex ; If it5 e R ^ 0, the spacetime is the curved quaternion space, and ixS e - ix5 e x = \J.S eR ; 
If ixSeR ^ and ix5 e = 0, the spacetime is the curved quaternion space, then ix5 e x = - itS eR . 
From the last equation, we can obtain the field equations Rkmp 1 = f (|-i5ex, -^U, which are 
similar to the field equations of Einsteinian General Relativity in the curved Four-spacetime. 

In curved quaternion space, other physical quantities including the coefficient r pk ' and/or 
curvature Rkmp' can be obtained in the Table 2. 



Table 2. The curvature of curved quaternion space in other physical quantities 





physical quantity 


coefficient, r p k' 


curvature, Rkmp' 


1 


X e 


J4e — e ° X e 


S e = e 2 °X e 


2 




2e= 0e°^e 




3 




LiS e = OVSe 


uje = Oe 2 °S e 


4 


M e 




N e = C 2 O e 2 °M e 
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2.3 Variation rate of field source 



The variation rate of electromagnetic field source J e (J , J 1 , J 2 , J 3 ) in the curved quaternion 
space is defined as 

= j° + (f Jo 1 + 7 Jo 2 +^ Jo 3 ) + (T j 3 2 + 7 J1 3 +^ J2 1 ) 

= (5 s -di s 1 -5 2 s 2 -5 3 s 3 ) 

+ {T(di s + e s 1 ) + 7(d2s + dos 2 )+£(e 3 s + dos 3 )} 

+ {r(5 2 s 3 -5 3 s 2 )+7 (5 3 s 1 -5 1 s 3 )+^(e! s 2 -5 2 s 1 )} 

+ x(r j0 -r J1 1 -iV-r j3 3 )s J 

+ s{ i (Tj! + r j0 ') + J (r j2 ° + r j0 2 ) +k (r j3 ° + r j0 3 )} s J 

+ s{ I (r j2 3 - r j3 2 ) + j (r j3 1 - r n 3 ) +k (r u 2 - r j2 ')} s J (io) 

Taking the gauge condition J = 0, then the continuity equation of field source of the 
electromagnetic field can be achieved. 

In the curved quaternion spacetime, the various properties among the field potential, field 
strength and field source of the electromagnetic interaction can be described by the curved 
quaternion space theory. According to the 'SpaceTime Equality Postulation' [1, 2], it can be 
deduced that spacetime derived from gravitational interaction is supposed to be the curved 
quaternion space also. Given that the coupling influence of fundamental interaction is 
neglected, the gravitational interaction is similar to the electromagnetic interaction and can 
also be described by the curved quaternion space. 

3. Electromagnetic-gravitational field in curved octonion space 

The electromagnetic interaction and gravitational interaction can be both described in the 
curved quaternion space. By means of the conception of space expansion etc, two types of 
curved quaternion spaces can combine into a curved octonion space. In curved octonion space, 
various characteristics of electromagnetic and gravitational interactions can be described 
uniformly, and some equations set of electromagnetic-gravitational field can be achieved. 

The base T g of the local curved quaternion space (G space, for short) of the gravitational 
interaction is independent of the base X e in E space. Selecting 2T g = (1, i , j , k ) ° e = ( e , 
I , /, K ). So the base T e of E space and the base T g of G space constitute a base T of the 
local curved octonion space. 

£= £ c + £g = (l, f, j, k, e, I, J, K) (11) 

The displacement (r°,r' ,r 2 ,r 3 ,r 4 ,r 5 ,r 6 ,r 7 )in the curved octonion space is 

^(rVTr 1 +j r 2 +kr 3 ) + (e r 4 +/r 5 +7r 6 + ^r 7 ) (12) 
where, r° = ct, r 4 = cT. c is the speed of light beam, t and T denote the time. 



Table 3. The octonion multiplication table 
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The octonion differential operator O an d its conjugate operator O are defined as 

_0-Oe +_0 g , O* = 0\ + 0\ (13) 

where, O g = e V 4 + / V 5 + yv 6 + lV 7 . 

The octonion differential operator meets (Q is an octonion physical quantity) 

0*°(0 °£) = (0*° 0)°£ = (0 ° <»£ (14) 

In the curved octonion space, the field potential (a , a 1 , a 2 , a 3 , a 4 , a 5 , a 6 , a 7 ) of the 
electromagnetic-gravitational field is defined as 

A = <>*°X 

= (a°+Ta 1 + ] a 2 +k a 3 ) + (e a 4 +/a 5 +Ja 6 + Ka 1 ) (15) 
where, k rx X = k e rx X e + k g rx X g ; X g is the physical quantity in G space. 

3.1 Field strength 

The field strength 2 can be defined as (i , j , k = 0, 1, 2, 3, 4, 5, 6, 7) 

2= O ° J4. 

= b° + zV +Jb 2 +£b 3 +e b 4 +/b 5 +/b 6 + ATb 7 

= (0 o a - Si a 1 -e 2 a 2 -5 3 a 3 -e 4 a 4 -e 5 a 5 -a 6 a 6 -5 7 a 7 ) 
a + 5oa 1 ) + 7(32a + 5oa 2 )+/^(5 3 a + 5oa 3 ) 
+ i{d 2 a i -d i a 2 ) + ] {d i a l -d x a i )+k{d l a 2 -d 2 ^) 
+ r(5 4 a 5 -5 5 a 4 ) + 7(54a 6 -5 6 a 4 )+/t (5 4 a 7 -5 7 a 4 ) 
+ I(d 7 a 6 -d 6 a 7 ) + ](d 5 a 1 -d 1 a 5 )+k (5 6 a 5 -5 5 a 6 ) 
+ e {(5 4 a + aoa 4 ) + (a 5 a 1 -a 1 a 5 )+ (0 6 a 2 - a 2 a 6 ) + (8 7 a 3 - 8 3 a 7 )} 
+ /(a5a + aoa 5 )+7(a 6 a0 + aoa 6 )+^(a 7 a + aoa 7 ) 
+ /(5i a 4 -a 4 a 1 )+/(a 2 a 4 -a 4 a 2 )+^(a 3 a 4 -a 4 a 3 ) 
+ /(a 7 a 2 -a 2 a 7 )+7(a 5 a 3 -a 3 a 5 )+^(a 6 a 1 -a 1 a 6 ) 

+/(a 3 a 6 -a 6 a 3 )+7(ai a 7 -a 7 a 1 )+^(a 2 a 5 -a 5 a 2 ) 

+ s(r j0 °-r jl 1 -r j2 2 -r j3 3 -r j4 4 -r j5 5 -r j6 6 -r j7 7 )a j 

+ z { ? (Tji + r j0 ') + 7 (r j2 ° + r j0 2 ) +k (r j3 ° + r j0 3 )} a J 

+ i{^(r j2 3 -r j3 2 ) + 7(r j3 1 -r jl 3 )+/c(r jl 2 -r j2 1 )}a J 

+ x { i (r j4 5 - r j5 4 ) + j (r j4 6 - r j6 4 ) + /c (r j4 7 - r j7 4 ) } a J 

+ s{z (r j7 6 -r j6 7 ) + j(r j5 7 -r j7 5 )+/c(r j6 5 -r j5 6 )}a J 

+ e S{(r j4 ° + r j0 4 ) + (r j5 1 - r :J 5 ) + (iy - r j2 6 ) + (r j7 3 - r j3 7 )}a J 

+ x {/(r j5 + r J o 5 )+/(r j6 + r J o 6 ) + ^(r j7 + r j0 7 )} a j 

+ s{/(r jl 4 -r j 4 1 )+^(r j 2 4 -r j 4 2 )+l(r j3 4 -r j4 3 )}a J 

+ s{/(r j7 2 -r j2 7 )+/(r j5 3 -r j3 5 ) + ^(r j6 1 -r J1 6 )}a J 
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+ s { / oV - r j6 3 ) +/(rji 7 - r jV ') + k (r j2 5 - r j5 2 )} a J (16) 

In the above equation, selecting the gauge equation b = b 4 = can simplify the definition 
of field strength in the curved octonion space. 

3.2 Field source 

The field source S(s°,s 1 ,s 2 ,s 3 ,s 4 ,s 5 ,s 6 ,s 7 )in the curved octonion space is defined as 
liS = (0 + 2/c)*°2 

= (0*° 0)°^+2*°2/c (17) 
where, O 2 = 0° O ■ H is a coefficient. 

The operator O 2 in the curved octonion space can be written as 

o 2 = 0*°0 

= ( Vo-^Vi- ] v 2 -k V 3 -<2 v 4 -/ v 5 -/v 6 -^v 7 ) 

°(V +rv 1 + 7v 2 + ^V3 + eV4 + /v 5 +7v 6 + £v 7 ) 
= V V + V1V1 + V 2 V 2 + V3V3 + V4V4 + V5V5 + V 6 V 6 + V7V7 



+ i (V Vi- 


ViV ) + 7(V V 2 - 


- V 2 V )+& (V V 3 - 


V 3 V ) 


+r(v 3 v 2 - 


v 2 v 3 ) + 7 (v,v 3 - 


-V 3 V,)+^(V 2 V,- 


ViV 2 ) 


+T (V5V4- 


v 4 v 5 ) + 7 (v 6 v 4 - 


-V 4 V 6 )+£(V 7 V 4 - 


V 4 V 7 ) 


+r(v 6 v 7 - 


v 7 v 6 ) + 7 (v 7 v 5 - 


-V 5 V 7 )+& (V 5 V 6 - 


V 6 V 5 ) 


+ e (V0V4- 


-v 4 v ) + e (ViV 5 - 


-V5VO 




+ e (V 2 v 6 - 


- v 6 v 2 ) + e (V 3 v 7 


- V 7 V 3 ) 




+ /(V V 5 - 


V 5 Vo)+/(V V 6 - 


V 6 Vo)+^(V V 7 - 


•V 7 V ) 


+ /(V 4 Vi- 


V 1 V 4 )+7(V 7 V 1 - 


V,V 7 )+^(V 1 V 6 - 


V 6 Vi) 


+ /(V 2 V 7 - 


V 7 V 2 )+/(V 4 V 2 - 


V 2 V 4 )+£(V 5 V 2 - 


-v 2 v 5 ) 


+ /(V 6 V 3 - 


V 3 V 6 )+/(V 3 V 5 - 


V 5 V 3 )+^(V 4 V 3 - 


V 3 V 4 ) 


In the above equation, 








(V m V k -V 


k V m ) a 1 = SRkmp 1 a 


p 




R kmp = ^ m 


r p k 1 - o k r pm 1 + xr 


qm 1 pk " A qk 1 pm 


q 



(18) 



(19) 
(20) 

wherein, R kmp ' is the curvature of curved octonion space; m , n , p , q = 0, 1, 2, 3, 4, 5, 6, 7. 
Then the definition of field source in the curved octonion space can be rewritten as 
liS = (0 +2/c)*°2 = «>*° 0)°^+2*°2/c 

= {V V + V]Vi + V 2 V 2 + V3V3 + V 4 V 4 + V5V5 + V 6 V 6 + V 7 V 7 
+ r(V Vi- V 1 V ) + 7(V V 2 - V 2 Vo)+^(VoV 3 -V 3 Vo) 
+ [(V3V 2 -V 2 V3) + 7(V 1 V3-V 3 V 1 )+ 1 fe(V 2 V 1 -V 1 V 2 ) 
+ 1 (V 5 V 4 - V 4 V 5 ) + 7 (V 6 V 4 - V 4 V 6 ) +k (V 7 V 4 - V 4 V 7 ) 
+ r(V 6 V 7 - V 7 V 6 ) + 7(V 7 V 5 - V 5 V 7 )+£(V 5 V 6 -V 6 V 5 ) 
+ e (V0V4- V 4 V )+e (VjVj-VsVj) 
+ e (v 2 v 6 -v 6 v 2 ) + e (v 3 v 7 -v 7 v 3 ) 

+ /(V V 5 - V 5 V )+/(V V 6 - V 6 Vo)+^(V V 7 -V 7 V ) 
+ /(V 4 Vi- V 1 V 4 )+7(V 7 V 1 - V 1 V 7 )+^(V 1 V 6 -V 6 V 1 ) 
+ /(V 2 V 7 - V 7 V 2 )+i(V 4 V 2 - V 2 V 4 )+^(V 5 V 2 - V 2 V 5 ) 
+ / (V 6 Vj - V 3 V 6 ) +7(V 3 V 5 - V5V3 ) +1(V 4 V 3 - V 3 V 4 ) } ° 

(a +T a 1 +] a 2 +k a 3 +e a 4 +/a 5 +Ja 6 + Ka 7 ) + 2*°2/c (21) 
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From the above equation, we can obtain the field equations R kmp 1 = f (ixS , 2 , JA ), which 
are much more complex than the field equations in the curved quaternion space or the curved 
Four-spacetime of Einsteinian General Relativity. [3] 

In the curved octonion space, other physical quantities in the electromagnetic- gravitational 
field including coefficient r pk 1 and/or curvature R kmp 1 can be obtained in the Table 4. 



Table 4. The curvature of curved octonion space with other physical quantities 





physical quantity 


coefficient, r pk ' 


curvature, Rfcmp 1 


1 


X 


a= o*°x 


2 = O 2 °X 


2 


JA 


2 = O ° J4. 


ii5= O 2 °^ + 2*°2/c 


3 


2 


HS=«> + 2/c)*°2 


uZ = c(0 + 2/c) 2 °2 


4 


M 




JV= (c<> + 2) 2 °:M 


5 


2 


0"=(O + 1V7cft)*<> 2 


= (0 + ^/cS) 2 »S 


6 


M 


1Z = «> + 1/Vlch)*° M 


£ = (0 + ^/c£) 2 °-^ 



3.3 Other fields in curved octonion space 

With the similar method, we can obtain respectively the field equations of hyper- strong field, 
strong-weak field and hyper-weak field in the curved octonion space. [4, 5] 

In the curved octonion space, other physical quantities in the hyper-strong field including 
coefficient r pk ' and/or curvature Rk mp ' can be obtained in the Table 5. 



Table 5. The curvature and other physical quantities of the hyper-strong field 





physical quantity 


coefficient, r pk ' 


curvature, R kmp 1 


1 


X 


J?L=«> +X/k)*°X 


2 = «> +Xlk) 2 °X 


2 




2 = (0 + X/k)° J2L 


ix5 = «> +X/k) 2 °JZl 


3 


2 


LiS = (0 + X/k)*°2 


uZ = k«> + X/k) 2 °2 


4 


M 


lV=(kO+X)*° M 


JV= (kO + X) 2 °:M 


5 


X 


T> = (O + yV/kb)* ° X 


£ = (0 + ^/kb) 2 °X 


6 


V 


<g = (O + ^V/kb) ° T> 


■r=(0 + ^/kb) 2 ° 2> 


7 


G 


T= (O + ^Vlkb)* ° <g 


= «> + lWkb) 2 ° § 


8 


M 


1/ = (O + IW/kb)* ° M 


£ = {<> + lVlkb) 2 ° M 



In the curved octonion space, other physical quantities in the strong-weak field including 
coefficient r pk ' and/or curvature R kmp ' can be obtained in the Table 6. 



Table 6. The curvature and other physical quantities of the strong-weak field 





physical quantity 


coefficient, T pk 1 


curvature, R kmp 1 


1 


X 


A = 0*°X 


2 = O 2 °X 



7 



9 


3 


7? - ( A + ^ /k o 'a 


1 1 *? - CA + 2 W 2 o3 


3 


S 


u5 = (A + J4./k)*°S 


uZ^kCO + J4/k) 2 °2 


4 


M 




3V= (kO + ^) 2 °^ 


5 


JA 


Q = (A + lY/cb) o J4. 


T=«> + lWcb) 2 ° J21 


6 


Q 


r=(o + ^/cb)*° § 


0=«> + lWcb) 2 ° § 


7 


M 


1/ = (A + IV/cb)* ° 


£ = «> + ^V/cb) 2 ° 31 



In the curved octonion space, other physical quantities in the hyper-weak field including 
coefficient r pk ' and/or curvature R tm p' can be obtained in the Table 7. 



Table 7. The curvature and other physical quantities of the hyper- weak field 





physical quantity 


coefficient, I"^ 1 


curvature, R kmp 1 


1 


X 


JA= <>*°X 


3 = O 2 °X 


2 




2 = O ° A 


ix5= A 2 oj4 


3 


2 


ix5= 0*°S 


ixZ = k 2 °S + li5°5 


4 


M 


>K=(kO + S/k)*°M 


3/"= (kO + 5/k) 2 °:M 


5 


M 


!/ = (<> + ^V/kb)* ° 31 





4. EG-SW Field equations in curved sedenion space 

The electromagnetic-gravitational field and strong-weak field can be described with straight 
sedenion space [6]. In the paper, the spacetime should be expanded from the straight sedenion 
space to the curved sedenion space. In the curved sedenion space, some properties of the 
strong, weak, electromagnetic and gravitational interactions can be described uniformly. 



Table 8. Sedenion multiplication table 
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e i2 


ei 5 


-e i4 


-ei 


-1 


-e 3 


e 2 


e 5 


e 4 


e 7 


-e 6 


em 




en 


e 8 


-e 9 


-e i4 


-ei5 


ei 2 


ei 3 


-e 2 


e 3 


-1 


-ei 


-e 6 


-e 7 


e 4 


es 


en 




-eio 


e 9 




-eis 


e 14 


-en 


ei2 


-e 3 


-e 2 


ei 


-1 


-e 7 


e 6 


e 5 


e 4 



8 



en 


en 


en 


eu 


eis 


e 8 


-e 9 


-eio 


-en 


-e 4 


e 5 


e 6 


e 7 


-1 


-ei 


-e 2 


-e 3 


ei3 


en 


-en 


ei5 


-en 


e 9 


e s 


en 


-eio 


-e 5 


-e 4 


e 7 


-e 6 


ei 


-1 


e 3 


-e2 


en 


en 


-ei 5 


-en 


ei 3 


eio 


-en 




e 9 


-e 6 


-e 7 


-e 4 


e 5 


e2 


-e 3 


-1 


ei 


eis 


ei5 


e i4 


-ei 3 


-ei2 


en 


eio 


-e 9 


e 8 


-e 7 


e 6 


e 5 


-e 4 


e 3 


e2 


-ei 


-1 



In the local curved sedenion space EG-SW, the base 2; E g-sw can be written as 
£ eg-sw = (1, e u e 2 , e 3 , e 4 , e 5 , e 6 , e 7 , 

e 8 , e 9 , e 1Q , e n , e 12 , e 13 , e 14 , e i 5 ) (22) 
The displacement ( r , rj , r 2 , r 3 , r 4 , r 5 , r 6 , r 7 , r 8 , r 9 , r 10 , r n , r 12 , r 13 , r 14 , r 15 ) in the 
curved sedenion space EG-SW is 

eg-sw — ro + ^ i ri + £ 2 f2 + C 3 r3 + C 4 r4 + 6? 5 rs 

+ e 6 r 6 + e 7 r 7 + e s r 8 + e 9 r 9 + e 10 r 10 
+ e niu+e i2*n + e i 3 r 13 + <? i 4 r 14 + e 15 r 15 (23) 
In curved sedenion space, the differential operator should be expanded from d i to V i . 

V i A k = 5 1 A k + Xr ji k A j (24) 
wherein, Tji is a coefficient; A k is a physical quantity; di-dldv 1 ; i , j , k = 0, 1,2, ... , 15. 
The sedenion differential operator Oeg-sw and its conjugate operator are defined as, 

Oeg-sw = v + e i Vi +e 2 v 2 + e 3 v 3 +e 4 v 4 + e 5 v 5 
+ e 6 v 6 + e 7 v 7 + e 8 v 8 +e 9 v 9 + e 1 oV 1 o 
+ e „ v n +e 12 v 12 + e 13 v 13 +e ,4 v 14 + e 15 Vi 5 (25) 
0* EG -sw = V -e i Vj-e 2 V 2 -e 3 V 3 -e 4 V 4 -e 5 V 5 
-e 6 v 6 -e 7 v 7 -e 8 v 8 -e 9 v 9 -e 10 v i 
-e „ Vn-e i 2 Vi 2 -e 13 v, 3 -e 14 Vi4-e ,5 Vis (26) 

4. 1 Field potential and strength 

In the curved sedenion field EG-SW, the field potential (ao , ai , a 2 , a 3 , a 4 , a 5 , a 6 , a 7 , a 8 , a 9 , 
a 10 , an , ai 2 , a i3 , a i4 , a i5 ) is defined as 

= O EG-SW ° X 

= a + ai e i + &2 e 2 + &3 £3 + 34 e 4 + &s e 5 
+ a 6 e 6 + a 7 e 7 + a 8 e 8 + a 9 e 9 + a 10 <? 10 
+ an £? n + &12 e 12 + a B e 13 + a M 6 14 + a, 5 e 15 (27) 
where, k rx X= k s rx X s + k w rx X w + k e rx X e + k g rx X g . 

The field strength 2? of the curved sedenion field EG-SW can be defined as 
2? — V EG-SW -A- 

=(V +eiV|+e 2 v 2 +e 3 V3+e4V4+e5V5 
+ e 6 v 6 +e 7 v 7 +e 8 v 8 +e9V9 + ei Vio 
+ e nVn+e i 2 v 12 +e i 3 v,3+e i 4 Vi 4 + e 15 Vi 5 ) 

( a + ai e 1 + a 2 e 2 + a 3 e 3 + a 4 e 4 + a 5 e 5 
+ a 6 e 6 + a 7 e 7 + a 8 e 8 + a 9 e 9 + a 10 e 10 
+ a n e n + a 12 <? 12 + a B e 13 + a, 4 £14 + a i5 e 15 ) (28) 

4.2 Field source 
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The field source of the curved sedenion field can be defined as 
iiS = (2/K+0 E g-sw)*° 2 

= (2E-G/k E-G+Ss-w/k s-w+^eg-sw) ° 2 
where, k B s . w and k E -g are coefficients. 

The operator O 2 eg-sw in the curved sedenion space can be written as 

O 2 EG-SW = O EG-SW ° OeG-SW 

= (V -e iVi-e 2 v 2 -e iVj-e 4 v 4 -e 5 v 5 
-e 6 v 6 -e 7 v 7 -e 8 v 8 -e 9 v 9 -e 10 v 10 
-e nVn-e 12 v 12 -e i 3 Vi3-e 14 V M -e 15 v 15 ) 
°(V +eiV,+e 2 v 2 +e 3 v 3 +e 4 v 4 +e 5 v 5 
+ e 6 v 6 + e 7 v 7 +e 8 v 8 + e 9 v 9 +e 10 v 10 
+ e uVn+e i 2 v 12 + e i 3 v 13 +e i 4 v 14 + e i 5 v 15 ) 
= V V + ViVi + V 2 V 2 + V3V3 + V4V4 + v 5 v 5 
+ V 6 V 6 + V 7 V 7 + VgVg+VsVs + VioVio 
+ V U V n + V U V n + V 13 V 13 + V 14 V 14 + V 15 V 15 

+ e i(v Vi- v, v ) + e ,(V 3 v 2 -v 2 v 3 ) + e i(V 5 v 4 -v 4 v 5 ) 

+ e i(V 6 V 7 - v 7 v 6 ) + e ,(V 9 v 8 -v 8 v 9 ) + e i(v 10 v„ - v„ v 10 ) 

+ e t (V 12 Vi 3 -V 13 V 12 )+e i(V 15 V14-V14V15) 

+ e 2 (v v 2 -v 2 v ) + e 2 (V! v 3 -v 3 V!) + e 2 (v 6 v 4 -v 4 v 6 ) 

+ e 2 (v 7 v 5 - v 5 v 7 ) + e 2 (V 10 v 8 - v 8 v 10 ) + e 2 (v„ v 9 - v 9 v„) 

+ e 2 (v i 2 v 14 -v 14 v 12 )+e 2 (v 13 v 15 -v 15 v 13 ) 

+ e 3(VoV 3 -v 3 Vo) + e 3 (V 2 v 1 -v l v 2 ) + e 3 (V 7 v 4 -v 4 v 7 ) 

+ e 3 (v 5 v 6 - v 6 v 5 ) + e 3 (V„ v 8 - v 8 v„) + e 3 (v 9 v 10 -v 10 v 9 ) 

+ e 3 (V 12 V15- Vis v 12 )+e 3 (V 14V13-V13V14) 

+ e 4 (v v 4 - v 4 v ) + e 4 (v, v 5 - v 5 v,) + e 4 (v 2 v 6 - v 6 v 2 ) 

+ e 4 (v 3 v 7 - v 7 v 3 ) + e 4 (V 12 v 8 - v 8 v 12 ) + e 4 (v 13 v 9 - v 9 v 13 ) 

+ e 4 (V i 4 V 10 - V 10 V 14) + e 4 (V 15 V 11 - V 11 V 15) 

+ e 5 (VoV5-v 5 Vo) + e 5 (V4V l -v 1 v 4 )+e 5 (v 2 v 7 -v 7 v 2 ) 

+ e 5 (v 6 v 3 - v 3 v 6 ) + e 5 (V 13 v 8 - v 8 v 13 ) + e 5 (v 9 v 12 - v 12 v 9 ) 

+ e 5 (V i 5 V 10 -V 10 V 15 )+e 5 (V n V 14 -V uV „) 

+ e 6 (v v 6 - v 6 v ) + e 6 (v 7 Vi-V, v 7 ) + e 6 (v 4 v 2 - v 2 v 4 ) 

+ e 6 (v 3 v 5 - V 5 v 3 ) + e 6 (Vi 4 v 8 -v 8 v l4 ) + e 6 (v 9 v 15 - v 15 v 9 ) 

+ e 6 (V 10 v i 2 - v i 2 v 10) + e e (V i 3 v 11 - v 11 v n) 

+ e 7 (v v 7 - v 7 v ) + e 7 (Vi Ve-Ve.vo + e 7 (V 5 v 2 -v 2 v 5 ) 

+ e 7 (v 4 v 3 - v 3 v 4 ) + e 7 (Vi 5 v 8 - v 8 v, 5 ) + e 7 (V 14 v 9 -v 9 v 14 ) 

+ e v(Vi Vi 3 -Vi 3 Vio)+e 7 (v„ v, 2 - v, 2 v„) 

+ e 8 (v v 8 -v 8 v ) + e 8 (v, v 9 - v 9 v,)+g 8 (V 2 v, - Vi v 2 ) 

+ e 8 (V 3 Vii-Vn v 3 ) + e 8 (v 4 v, 2 - Vi 2 v 4 ) + e 8 (V 5 v 13 - v, 3 v 5 ) 

+ e 8 (V 6 Vi 4 -Vi 4 V 6 )+e 8 (V 7 Vis- V15 V 7 ) 

+ e 9 (v v 9 - v 9 v ) + e 9 (V 8 Vi-Vj v 8 ) + e 9 (v 2 v„-v„ v 2 ) 
+ e 9 (v 4 v 13 -Vi 3 v 4 ) + e 9 (V i5 v 6 - v 6 v l5 ) + e 9 (v 7 v 14 - v, 4 v 7 ) 
+ e 9 (v 

10 v 3 - V 3 V 10) + 6 g (V i 2 V g - V 5 V i 2 ) 
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+ e 


10 


(V V 10 


-v 10 v )+e 


io(VnVi 


-Vi V n )+e 


io(V 8 V 2 - 


-v 2 V 8 ) 


+ e 


10 


(V 3 v 9 - 


- v 9 v 3 )+e 10 


(v 4 v 14 - 


Vm v 4 )+e K 


(V 5 Vis- 


Vis V 5 ) 


+ e 


10 


(Vi 2 V 6 


-v 6 v 12 ) + e 


iq(Vi 3 V 7 


-V7V13) 






+ e 


11 


(V V„ 


-v„ v ) + e 


u(ViVio 


-VioVO+e 


U (V 9 V 2 - 


-v 2 v 9 ) 


+ e 


11 


(Vg v 3 - 


- v 3 v 8 ) + e „ 


(V 4 V 15 - 


v 5 v 14 )+e 11 


(V 6 V 13 - 


V13 V 6 ) 


+ e 


11 


(Vl2 V 7 


-v 7 v 12 )+e 


11 (V i 4 V 5 


-Vi 5 V 4 ) 






+ e 


12 


(V V 12 


-v 12 v )+e 


i 2 (Vi 3 Vi 


-Vj V l3 )+e 


i 2 (V 14 V 2 


-v 2 v 14 ) 


+ e 


12 


(Vis V 3 


-v 3 Vi 5 )+e 


12 (V 5 V 9 - 


- v 9 v 5 )+e 12 


(V 6 V 10 - 


VioV 6 ) 


+ e 


12 


(V 7 v„ 


-Vu v 7 )+e 


12 (Vg V 4 - 


-v 4 v 8 ) 






+ e 


13 


(V Vl3 


-Vi 3 v )+e 


13 (Vi Vi 2 


-V 12 Vi) + e 


13 (Vis V 2 


-V2V15) 


+ e 


13 


(V 3 Vl4 


-v 14 v 3 )+e 


n(V 9 V 4 - 


- v 4 v 9 )+e 13 


(V 8 V 5 - 


V 5 V 8 ) 


+ e 


13 


(Vu V 6 


-v 6 v„)+e 


13 (V 7 VlO 


-V10V7) 






+ e 


14 


(V V 14 


-v 14 v )+e 


h(ViVi 5 


-v 15 v,)+e 


14 (V 2 V 12 


-V 12 V 2 ) 


+ e 


14 


(V13 V 3 


-v 3 v 13 )+e 


14(VioV 4 


-v 4 v 10 ) + e 


14 (V 5 Vu 


-V11V5) 


+ e 


14 


(Vg v 6 - 


- v 6 v s )+e 14 


(V 9 v 7 - 


v 7 V 9 ) 






+ e 


15 


(V V 15 


-Vis v )+e 


15 (V 14 V! 


-V l V u )+e 


is(V 2 V 13 


-V 13 V 2 ) 


+ e 


15 


(V 3 Vi 2 


-v 12 v 3 )+e 


15(V„ V 4 


-v 4 v n )+e 


15(V 10 V 5 


-V 5 Vio) 


+ e 


15 


(V 6 V 9 - 


- v 9 v 6 )+e 15 


(Vg v 7 - 


V 7 Vg) 







In the above equation, 

(V m V k -V k V m )a 1 = XR kmp 'a p (31) 

Rkmp = SmTpk — SjcTpm + qm T pk ^ — qk T pm ^ (32) 

wherein, R knip ' is the curvature of curved sedenion space; m , n , p , q = 0, 1, 2, 3, ... , 15. 
Then the definition of field source in the curved sedenion space can be rewritten as 
h5 = (S/K+Oeg-sw)* S 

= (0*EG-SW ° OeG-Sw) ° -A + (2 E -G / k B E . G +2 S -W / k B S -W ) * ° 2 (33) 

From the above equation, we can obtain the field equations R^' = f (ixS, 2, JA, K ). In 
the curved octonion space (O = Oeg-sw), other physical quantities in the curved sedenion 
field EG-SW including the coefficient r pk 1 and/or curvature R kmp 1 can be obtained in the 
Table 9. Where, the coefficient 2 / K = 2 E _ G / k B E . G +2 S _ W / k B S -w , and coefficient IV/ K b = 
y^E-o I k B e-g b B e-g + ^s-w / k B S -wb B s-w • 



Table 9. The curvature of curved sedenion space with other physical quantities 





physical quantity 


coefficient, r pk ' 


curvature, R kmp 1 


1 


X 


A= 0*°X 


2 = O 2 °X 


2 




2= ° 


ii5= O 2 °JZL + (2/K)*°2 


3 


2 


ix5= (O + 2/K)*°2 


liZ = K(0 + 2/K) 2 °2 


4 


M 


^V=K(0 + 2/K)*°:M 


:tv=k 2 (0 + 2/K) 2 °:M 


5 


2 


r=(0 + ^V/Kb)*° 2 


= (0 + ^/Kb) 2 »S 


6 


M 


U = (O + ~Wi K b)* ° JW 


£ = «> + lWKb) 2 ° 



4.3 Other fields in the curved sedenion space 
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With the similar method, we can obtain respectively the field equations of the sedenion field 
SW-EG, the sedenion field HS-SW and sedenion field SW-EG in the curved sedenion space. 

In the curved sedenion space, other physical quantities in the sedenion field SW-EG 
including coefficient r pk ' and/or curvature R kmp ' can be obtained in Table 10. Where, JA/ K = 
A e-g / k A e-g +JA s-w / k A s - w , and IV / K b = IV E . G / k A E . G b A E . G + IV s . w / k A s . w b A s . w . 



Table 10. The curvature and other physical quantities of the sedenion field SW-EG 





physical quantity 


coefficient, r pk 1 


curvature, R kmp 1 


1 


X 


JA = <>*°X 


s = o 2 °X 


2 


JA 


2 = «> + JA/K)° JA 


u5 = (0 + ^/K) 2 °Jl 


3 


2 


u5 = (0 + JA/K)*°$ 


uZ = K(0 + J4./K) 2 °2 


4 


M 


'W=K«> + JA/K)*° M 


^"=K(0 + JA/K) 2 °M 


5 


JA 


Q = (O + TV7 K b) o JA 


^(O + ^/Kb) 2 " JA 


6 


Q 


^(O + ^/Kb)^ Q 


= (0 + ¥/Kb) 2 °§ 


7 


M 


U = (O + TV7 K b)* o M 


£ = «> + yV/Kb) 2 o M 



In the curved sedenion space, other physical quantities in the sedenion field HS-SW 
including coefficient r pk ' and/or curvature R kmp ' can be obtained in Table 11. Where, XI K = 
X H -s / k x h-s +X S -w / k x s-w , and IV I K b = lY H . s I k x H -s b x H -s + lK S -w / k x S -w b x S -w - 



Table 11. The curvature and other physical quantities of the sedenion field HS-SW 





physical quantity 


coefficient, r pk ' 


curvature, Rkmp 1 


1 


X 


JA = (<0 +X/K)*°X 


$ = «> + X/K) 2 °X 


2 


JA 


2 = «> + X/K)° JA 


HS = (0+X/K) 2 °JA 


3 


2 


ix5=(0 + ^/K)*°S 


uZ = K«> + X/K) 2 °2 


4 


M 


1V=K(0 +X/K)*°M 


Jsf=K«>+X/K) 2 °M 


5 


X 


V = {0 + lV/Kb)*°X 


£ = «> + lWKb) 2 °X 


6 


T> 


Q = (O + 1V7 K b) » T> 


^(0 + ^/Kb) 2 = D 


7 


<3 


T=«> + l<V/Kb)*° Q 


= (0 + ¥/Kb) 2 »g 


8 


M 


U = (O + 'W/ K b)* o M 


£ = «> + lV/Kb) 2 °3i 



In the curved sedenion space, other physical quantities in the sedenion field SW-HS 
including coefficient r pk ' and/or curvature R kmp ' can be obtained in Table 12. Where, JA/ K = 
JA h-s / k A h-s +A s-w / k A s - w , and 'W I K b = IV as I k A h-s b A H -s + °^s-w / k A S -w b A S - w - 



Table 12. The curvature and other physical quantities of the sedenion field SW-HS 





physical quantity 


coefficient, T pk 1 


curvature, R kmp 1 


1 


X 


JA = <>*°X 


s = o 2 °X 


2 


JA 


2 = (0 + ^/K)° JA 


|aS = «> + ^/K) 2 °Jl 


3 


2 


nS=(0 + ^/K)*°2 


uZ = K(0 + J4./K) 2 °2 
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4 


M 


1V=K(0 + J47K)*°:M 


:9V"=K«> + J4./K) 2 °JW 


5 




£ = «> + lWKb)° J3. 


^(O + lV/Kb) 2 " 


6 




T=(0 + TV7Kb)*° § 


0=«> + lV/Kb) 2 ° £ 


7 


M 


U = (O + 1V7 K b)* ° 


£ = + 1Y/Kb) 2 ° M 



5. T-B Field equations in curved trigintaduonion space 

The electromagnetic-gravitational field, strong-weak field, hyper-strong field and hyper-weak 
field can be described with the straight trigintaduonion space [7]. In the paper, the spacetime 
should be expanded from the straight trigintaduonion space to the curved trigintaduonion 
space. In the curved trigintaduonion space, some properties of four sorts of fields including 
the hyper-strong field, strong-weak field, electromagnetic-gravitational field and hyper-weak 
field etc can be described uniformly. 

We define the product and conjugate on the trigintaduonions, (u, v) and (x, y), in terms of 
the sedenions, u, v, x and y, as follows: 

(u, v) (x, y) = (u x - y* v, y u + v x*) , (u, v)* = (u*, -v) 
where, the mark (*) denotes the conjugate. 

In the local curved trigintaduonion space T-B, the base I't-b can be written as 

Jt-b = (l, e i, e 2 ,e 3 , e 4 , e s , e 6 ,e 7 , e s ,e 9 , e 10 , 

e u,2 i 2 , e 13, e u ,e l5 , e l6 ,e „,e lt ,e 19 ,e 20 , 
e 21, e 22, e 23 , e 24 , e 25 , e 26 , e 27 , e 28 , e 29 , e 30 , e 3 i) (34) 
The displacement H T . B = ( R , Ri , R 2 , R 3 , R4 , R5 , Re , R7 , Rs , R9 , Rio , R11 , R12 , R13 , 

Rl4 , Rl5 , Rl6 , Rl7 , Rl8 , Rl9 , R20 , R2I , R22 , R23 , R24 , R25 , R26 , R27 , R28 ; R29 , R30 , R3I ) 

in curved trigintaduonion space T-B is 

31 t-b =R + £ 1 R 1 +e 2 R 2 +e 3 R 3 +e 4R4+2 5 R 5 +e 6 Rg 
+ e 7 R 7 +e 8 R 8 + e 9 R 9 +e 10 Ri +e n R n 
+ e i 2 Ri2 + e i 3 Ri3+e i 4 Ri4 + e i 5 Ri5+e 16 R 16 
+ 6 n R 17 + e i 8 Ri 8 + e 19 R19 + e 20 R20 + € 21 R21 

+ 6 22 R22 + £ 23 R23 + € 24 R24 + & 25 R25 + & 26 R26 

+ e 21 R27 + £ 28 R28 + ^ 29 R29 + ^ 30 R30 + ^ 31 R3I (35) 

In the curved trigintaduonion space, the differential operator should be expanded from 8 \ to 
Vi. 

V i A k = 5 i A k + Sr jl k A j (36) 
wherein, T is a coefficient; A k is a physical quantity; di = 8 /3 r 1 ;i,j ,k = 0, 1,2, ... ,31. 
The trigintaduonion differential operator Ot-b and its conjugate operator are defined as, 

Ot-b = v Q + e iVi+e 2 v 2 + e iV 3 + e 4 v 4 +e 5 v 5 

+ e 6 v 6 +e 7 v 7 + e 8 v 8 + e 9 v 9 + e 10 Vio + eiiV u 
+ e l2 v l2 + e i 3 v, 3 +e i 4 v, 4 + e i 5 v l5 + e 16 v 16 
+ e i 7 v, 7 +e i 8 v, 8 +e i 9 v, 9 + e 2oV 20 + e 2i v 2i 

+ e 22 V 22 + e 23 V 23 + e 24 V 24 + e 25 V 25 + e 26 V 26 

+ e 27 v 27 +e 28 v 28 + e 29 v 29 + e 30 v 30 + e 31 v 3i (37) 
0*t-b =V -e i Vi-e 2 V 2 -e 3 V 3 -e 4 v 4 -e 5 v 5 
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(38) 



5.1 Field potential and strength 

In the trigintaduonion field T-B, the field potential JA = (ao , ai , a 2 , a 3 , a 4 , a 5 , a 6 , a 7 , a 8 , a 9 , 

aio , an , an , , , ais , a^ , a i7 , ai8 , a [9 , a 2 o , a 2 i , a 22 , a 23 , a 2 4 , a 2 g , a 2 6 , a 27 , a 2 g , a 2 g , 
a 30 , a 3[ ) is defined as (O = O t . b ) 

= ao+ai e i + a 2 6 2 + a 3 e 3 + a4 e 4 + a 5 £ 5 + a 6 £ 6 
+ a 7 e 7 + a 8 e 8 + a 9 <? 9 + a 10 e w + a n e n 
+ a 12 e 12 + a 13 <? 13 + a M £? 14 + a 15 e 15 + a i6 e i6 
+ a n e yj + a 18 e i 8 + a 19 e 19 + a 20 e 20 + a 2 i e 21 

+ a 22 ^ 22 + a 23 6? 23 + a 2 4 e 24 + a 25 ^ 25 + a 26 ^ 26 

+ a 27 e 27 + a 28 e 28 + a 29 e 29 + a 30 <? 30 + a 3 i e 31 (39) 
where, the mark (*) denotes the trigintaduonion conjugate. 

The field strength S of the trigintaduonion field T-B can be defined as 
2 = ° A 

=(V +eiV 1 +e 2 v 2 +e3V3+e 4 V4+e 5 v 5 
+ e 6 v 6 +e 7 V 7 +e s v s +e 9 V 9 +e m v 10 +e U V U 
+ e 12 v 12 + e 13 v 13 +e 14 v 14 + e 15 v 15 + e i 6 v 16 
+ e 17 Vn+e 18 v 18 + e 19 v 19 + e 20 v 20 + e 2i v 21 
+ e 22 v 22 + e 23 v 23 +e 24 v 24 + e 25 v 25 +e 26 v 26 
+ e 27 v 27 +e 2 8 v 28 +e 29 v 29 + e 30 V 30 +e 31 v 3 i ) 
o (a +ai e i + a 2 e 2 + &3 e 3 + 34 e 4 + a 5 e 5 
+ a 6 e 6 + a 7 e 7 + a 8 £? 8 + a 9 <? 9 + ai e w + a n e u 
+ a, 2 e 12 + a n e 13 + a w £? i 4 + ai 5 e 15 + a, 6 e i 6 
+ a n e n + a i8 + a, 9 e 19 + a 20 e 20 + a 2 i e Z1 
+ a 22 e 22 + a 23 e 23 + a 24 e 24 + a 25 e 25 + a 26 e 26 

+ a 27 e 21 + a 28 e 28 + a 29 29 + a 30 e 30 + a 3 i £? 31 ) (40) 

5.2 Field source 

The field source of the trigintaduonion field T-B can be defined as 
ix5 = (2/K +O) * S 

/k B H-W 

= (0*°0)° J4. 

+ (Sh-s/ k B H-s + Ss-w / k B S-W + Se-g/ k B E-G+SH-W /k B H-W ) o 2 (41) 
where, K = K T . B , k B H -s , k B s . w , k B E . G and k B H -w are coefficients in the trigintaduonion space. 
The coefficient u. is interaction intensity of trigintaduonion field T-B. The field strengths are 
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S E -g = b + bi e ! + b 2 e 2 + b 3 e 3 + b 4 e 4 + b 5 e 5 + b 6 e 6 + b 7 e 7 
S s -w = b 8 e 8 + b 9 e 9 + bio c 10 + b n e u + b 12 e 12 + b 13 e 13 + b 14 e 14 + bis e 15 
S H -s = bie e 16 + b 17 e n + big <? 18 + big e 19 + b 20 e 20 + b 2i e 2i + b 22 e 22 + b 23 <? 23 
S H -w = b 24 e 24 + b 25 e 25 + b 26 e 26 + b 27 e 2i + b 28 e 28 + b 29 e 29 + b 30 e 30 + b 3] e 3] 
In the above Eq.(41), 

(V m V k -V k V m )a 1 = SR kmp 'a p (42) 

R kmp = <3 m r p k — 3 k r p m + zr q m r p k — sr q k r pm (43) 

wherein, R kmp ' is the curvature of curved trigintaduonion space; m , n , p , q = 0, 1,2, ...,31. 

From the above equation, we can obtain the field equations R ^ 1 = f (k B H -s > k B s-w , k B e g , 
k B H -w , \iS , "B , JA , K). In the curved trigintaduonion space (O = Ot-b), other physical 
quantities in the curved trigintaduonion field T-B including the coefficient r pk 1 and the 
curvature R kmp ' can be obtained in Table 13. Where, the coefficient S / K = 2> E -g / k e g 
+S S -w / k B S -w + Sh-s / k B H -s+S H -w / k B H -w , and coefficient ~W / Kb = lV E . G I k B E -c b B E . G + 
4V S -w / k B s-w b B s-w + 44Vs / k B h-s b B H -s + 44^-w / k B H -w b B h-w • 



Table 13. The curvature of curved trigintaduonion space with other physical quantities 





physical quantity 


coefficient, r pk ' 


curvature, Rkmp 1 


1 


X 


a= o*°x 


s = o 2 °x 


2 


J4 


2 = O ° J4. 


p5= 2 °J4 + (2/K)*°2 


3 


2 


H5=«> + S/K)*°S 


pZ = K(0 + 2/K) 2 °2 


4 


M 


1y=K«> + 2/K)*° M 


JV"=K 2 (0 + S/K) 2 °JW 


5 


2 


r=(o + ^v/Kb)*° s 


= (0 + ^/Kb) 2 »S 


6 


M 


1/ = (O + yvi K b)* ° M 


£ = «> + ly/Kb) 2 °:M 



5.3 Other fields in the curved trigintaduonion space 

With the similar method, we can obtain the field equations of the trigintaduonion field T-X, 
the trigintaduonion field T-A and trigintaduonion field T-S in the local curved trigintaduonion 
space respectively. 



Table 14. The curvature and other physical quantities of trigintaduonion field T-X 





physical quantity 


coefficient, r pk ' 


curvature, R ^ 1 


1 


X 


J2L=«> +X/K)*°X 


2 = «> + X/K) 2 °.X 


2 


J4 


2 = «> +X/K)° jzi 


pS = (0 + X/K) 2 °Jl 


3 


2 


pS=(0 + X/K)*°3 


pZ = K(0 +X/K) 2 °S 


4 


M 


iy=K(o + x/K)*°^ 


JV=K(0 +X/K) 2 °.M 


5 


X 


2) = (0+^/Kb)*°I 


^ = (0 + lV/Kb) 2 oX 


6 


T> 


§ = «> + lV7Kb)° £> 


^(0 + lV/Kb) 2 »D 


7 


G 


0"=(O + ly/Kb)*° £ 


0=«> + ^/Kb) 2 »5 


8 


M 


1i = «> +^/Kb)*» 


£ = (0 + ^WKb) 2 °.M 
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In the curved trigintaduonion space, other physical quantities in the curved trigintaduonion 
field T-X including coefficient r pk ' and/or curvature R kmp ' can be obtained in the Table 14. 
Wherein, the coefficient XI K = X E -g I k x E . G + X S -w I k x S -w + X H -s I k x H -s + -^h-w / k x H -w , 
and the coefficient "W I K b = >K E _ G / k x E . G b x E . G + lK S - W / k x S - W b x S -w + ~HVs / k x H -s b x H -s 
+ "^h-w / k x h-w b x H-W • 

In the curved trigintaduonion space, other physical quantities in the curved trigintaduonion 
field T-A including coefficient T pk ' and/or curvature R kmp ' can be obtained in the Table 15. 
Wherein, the coefficient JK.I K = JA B -a / k A E . G + -As-w / k A S -w + ^h-s / k A H -s + -A h-w / k A H -w ■ 
and the coefficient 1/V I K b = >K E . G / k A E . G b A E . G + lK S - W / k A S - W b A S -w + >^h-s / k A H -s b A H -s 
+ "Wh-w / k A h-w b A H-W ■ 



Table 15. The curvature and other physical quantities of trigintaduonion field T-A 





physical quantity 


coefficient, r pk ' 


curvature, R kmp 1 


1 


X 


JA = <>*°X 


2 = o 2 °X 


2 


JA 


'B = (0 + JA/K)°JA 


\iS = «> + JAlK) 2 °JA 


3 


2 


H5 = (0 + J4./K)*°2 


uZ = K«> + J4./K) 2 °2 


4 


M 


1V=K(0 + JA/K)*°M 


JV=K(0 + JA/K) 2 °M 


5 


JA 


Q = (O + TV/ k b) o JA 


^(O + ^/Kb) 2 " JA 


6 


<9 


r=(o + iv/Kb)*» g 


0=(0 + ^/Kb) 2 °g 


7 


M 


1l = «> + lVIKb)*° M 


£ = «> + 1Y/Kb) 2 ° M 



In the curved trigintaduonion space, other physical quantities in curved trigintaduonion 
field T-S including coefficient T pk ' and/or curvature R kmp ' can be obtained in Table 16. Where, 
the coefficient S I K = S E . G / k s E . G + Ss-w / k s s-w + Sh-s / k s h-s + 5 h-w / k s h-w , and lYl K b = 
^E-G / k S E _G b S e_ G + IVs-Vf I ^ s-wb S s-w + "VKh-s / k s h-s b s h-s + "VKh-w / k s H-wb S h-w ■ 



Table 16. The curvature and other physical quantities of trigintaduonion field T-S 





physical quantity 


coefficient, Tpk 1 


curvature, R kmp 1 


1 


X 


JA= <>*°X 


2 = O 2 °X 


2 




2 = 0°JA 


lxS = O 2 ° JZL 


3 


2 


lx5= 0*°2 


li2 = K 2 °2 + liK(S/K)°S 


4 


M 


^ =K«> + S/K)*° M 


JV=K(0 + 5/K) 2 oJW 


5 


M 


1i = «> + TV7Kb)*° 


£ = (0 + ^WKb) 2 °:M 



6. Conclusions 

The paper describes the field theories and quantum theories in the quaternion, octonion, 
sedenion and trigintaduonion spacetimes, including the coefficients T pk ' and curvature R kmp ' 
in different kinds of the curved spacetimes. 

In the field theories of the curved octonion spacetimes etc, we extend the concept of curved 
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spacetime from the Four-spacetime to quaternion space etc, and deduce some conclusions 
which are consistent with Einsteinian General Relativity. 

In the quantum theories of the curved octonion spacetime etc, we expand the quantum 
theory from the flat spacetime to the curved spacetime, and obtain some predictions of 
quantum theories in the octonion spacetime etc. 
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